Picosecond measurements an Halorhodopsin of Halobacterium halobium by Polland, Hans-Joachim et al.
Journal of the 
Optical Society 
of America Β 
O P T I C A L 
P H Y S I C S 
ü i ü 
11 
Volume 1, Number 1 March 1984 
J O U R N A L O F T H E O P T I C A L S O C I E T Y O F A M E R I C A Β 
R . W . T E R H U N E , E d i t o r 
M . B A S S 
Interactions with Matter 
J . H . E B E R L Y 
Quantum Optics 
R . R . F R E E M A N 
Ultraviolet and X-Ray Physics 
P . F . L I A O 
Laser Spectroscopy and Nonlinear 
Optics 
T o p i c a l E d i t o r s 
M . G . L I T T M A N 
Atomic Spectroscopy 
A . R . W . M C K E L L A R 
MoJecuJar Spectroscopy 
A . M O O R A D I A N 
Optical Properties of 
Solids 
I R . M U R R A Y 
Laser Physics 
C . V . S H A N K 
UJtrafast Phenomena 
W . H . W E B E R 
Interface and Surface 
Physics 
J O A N N E B . S P R E H E 
M a n a g i n g Edi tor 
E L I Z A B E T H Μ . B O W E R 
Chief Copy Editor 
M A R I A M . D U R H A M 
Assistant to the Ed i to r 
The Optical Society of America solicits papers that contribute new knowledge or under­
standing of any optical phenomenon, principle, or method. The material in each journal 
is described in a general way by the designation of its topical editors. The [ournai of the 
Optical Society of America Β emphasizes laser spectroscopy and modern quantum optics. 
The Journal of the Optical Society of America A emphasizes image science as well as being 
the general journal for basic material. Authors are urged also to consider the appro­
priateness of publishing their material in Appl ied Optics or the Journal of Lightwave 
Technology. 
Submit manuscripts to R. W. Terhune, Journal of The Optical Society of America, 
Research Laboratories, Ford Motor Company, Dearborn, Mich igan 48121-2053; phone: 
(313) 322-6785; Arpanet : Terhune Ford 1. Submission is a representation that the 
manuscript has not been published previously or currently submitted for publication 
elsewhere. The manuscript should be accompanied by a completed copy of the trans-
fer-of-copyright form that appears frequently in this journal. This written transfer of 
copyright is necessary under the U.S. copyright law in order for the Optical Society to 
continue disseminating research results as widely as possible. Authors' institutions are 
expected to pay a publication charge of $105 per printed page. Failure to honor the pub­
lication charge could delay publication. 
Manuscr ipt Preparation: Complete instructions appear in the Information for Con­
tributors in this issue. A l l material, including references, figure captions, and tables, should 
be typed double spaced. Equations should be typed, not handwritten, wherever possible, 
and any unconventional notation should be explained by penciled notes in the margin. 
A n original and three copies of the manuscript, including figures, are required, but overseas 
authors may send the original copy only. Figures w i l l be reduced to one-column wid th 
(8.41 cm); lettering and numbers should be appropriately large. Low-quality computer 
graphics should be reworked by a draftsman. Tables should be on separate sheets, each 
w i t h its own title. References and footnoes must be typed on a separate sheet and must 
be cited consecutively the first time they appear. References to journal articles should 
contain f u l l titles. 
Proof and A l l Correspondence concerning papers in the process of publication should 
be addressed to the Managing Editor, Journal of the Optical Society of America, 1816 
Jefferson Place, N.W., Washington, D.C. 20036; phone (202) 223-8130. In all correspon­
dence reference should be made to the title, author, and scheduled date of publication. 
Extensive alterations made in proof w i l l result in assessment of an authors' alteration 
fee. 
Copyright © 1984, Optical Society of America . Indiv idual readers of this journal and libraries acting for them are permitted to make fair use 
of the material in it , such as to copy an article for use in teaching or research, without payment of fee, provided that such copies are not sold. 
Authorization to photocopy material for other uses under circumstances not falling within the fair-use provisions of the Copyright Act is granted 
by the Optical Society of America to libraries and other users registered w i t h the Copyright Clearance Center (CCC), provided that the fee that 
appears on the first page of each article is paid directly to the CCC, 21 Congress Street, Salem, Mass. 01970. A complete statement of the provisions 
for copying, quotation, and reproduction appears in the first issue of each volume of this journal. Address any inquiries to the Executive Director, 
Optical Society of America, 1816 Jefferson Place, N.W., Washington, D.C. 20036. 
O P T I C A L S O C I E T Y O F A M E R I C A 
Officers 
D. R. HERRIOTT, 
President 
R. R. S H A N N O N . 
Ρ resident-Elect 
). M . BENNETT, 
Vice President 
Κ. M. BAIRD. 
Post President 
J. W. QU1NN, 
Executive Director 
F. D. S M I T H , 
Treasurer 
] . M . E A S T M A N , 
Chairperson, Technical Council 
F. F. H A L L . 
Chairperson, Publications Committee 
\. N . H O W A R D , Editor, 
Applied Optics 
R. W. T E R H U N E . Editor, 
Journal of the Optical Society of America 
P. L. KELLEY. Editor, 
Optics Letters 
Directors at Large* 
W. B. BRIDGES (84) 
F. COOKE (84) 
κ. A . M c C A R T H Y (84) 
R. ABRAMS (85) 
). C. D A I N T Y (85) 
E. G A R M I R E (85) 
K. C H A N G (86) 
B. BRECKINRIDGE (86) 
W. T. RHODES (86) 
* T e r m expires at end of year indicated. 
R 
Journal of the Optical Society of America, 1816 Jefferson Place, N.W., Washington, D.C. 20036 (202) 223-8130. 
Journal of the Optical Society of America B: Optical Physics, Vol . 1, No. 1,1984. Published monthly by the Optical Society of America. A p ­
plication to mail at second-class rates pending at Woodbury, N.Y., and additional mail ing offices. Copyright 1984, Optical Society of America. 
Subscriptions, missing copies, and changes of address: American Institute of Physics, 335 East 45th Street, New York, N.Y. 10017. 1984 sub­
scriptions: sent gratis to all non member subscribers to the Journal of the Optical Society of America A and to all OS A members. Back-number, 
single-issue, and foreign rates shown facing inside back cover. ISSN: 0740-3224. POSTMASTER: Send form 3579 to American Institute 
of Physics. 
Thir teenth International Quantum Electronics Conference Vol . i , No. 3/June 1984/J. Opt. Soc. A m . Β 429 
M A A 4 . Picosecond Measurements on 
H a l o r h o d o p s i n of H a l o b a c t e r i u m H a l o -
b i u m , H. -J . Polland, Μ. A. Franz, W. Z in th , 
and W. Kaiser, Physik Department der 
Technischen Universität München, Ar-
cisstrasse 21, D-8000 München 21, Federal 
Republic of Germany, P. Hegemann and D. 
Oesterhelt, Max-Planck-Institut für 
Biochemie, D-8033 Martinsried, Federal 
Republic of Germany. 
Halobacterium halobium contains at least 
two retinylidene protein units that show 
photoactivity. Bacteriorhodopsin, a l ight -
driven proton pump, has been known for 
more than a decade and has been studied 
extensively. Halorhodopsin (or P588) was 
only discovered recently. I ts l ight-driven 
pump acts on chlorine ions. 1 U n t i l now, the 
photoreaction cycle in halorhodopsin was 
studied on a time scale of microseconds.2 We 
present the first known investigations on 
halorhodopsin on a picosecond t ime scale. 
Halorhodopsin has its major absorption 
band at 580 nm. The excitation of the sam-
ple was made w i t h single pulses of 2.5-psec 
duration at X e x = 540 nm. The probing 
pulses were tunable over a wavelength range 
of X p r = 570 to 670 nm. Absorption changes 
were measured w i t h a high-precision differ-
ence detection system wi th A I / I ^ 2 X 10~ 4. 
Purified halorhodopsin preparations in high 
salt concentrations (1 M ) were studied. 3 A 
series of time-dependent transmission mea-
surements at various probing wavelengths 
gave the following interesting information 
(Fig. MAA4-1 shows an example for X p r = 646 
nm) : (a) The f irst excited singlet state of 
ret inal i n halorhodopsin has a l i fetime of 5 
psec. (b) A new photoproduct is generated 
w i t h the same time constant of 5 psec. (c) 
The photoproduct is red shifted and lives for 
at least 1 nsec. (d) A t the low level of l ight of 
our experiments the halorhodopsin prepa-
rations show no indication of irreversible 
decomposition. 
I n analogy to bacteriorhodopsin the red 
shift in halorhodopsin may be connected wi th 
the isomerization of the retinal chromophore. 
(12 min.) 
1 Β. Schobert and J. Κ. Lanyi, J. Biol. Chem. 257, 
10306 (1982). 
2 H. J. Weber and R. A. Bogomolni, Photochem. 
PhotobioL33,601(1981). 
3 M. Steiner and D. Oesterhelt, The Embo J. 1,1379 
(1983). 
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Fig. M A A 4 - 1 . Absorption change of the 
probe pulse as a function of t ime delay be­
tween exciting (X e x = 540 nm) and probing 
(Xpr = 646 nm) pulse. The absorption de­
crease corresponds to the population of the 
f i rs t excited singlet state of halorhodopsin; 
the absorption increase is due to the growth 
of the f irst photoproduct. 
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